Polymer-coated noble metal nanoparticles are currently of particular interest to investigators in the fields of nanobiomedicine and fundamental biomaterials. These materials not only exhibit imaging properties in response to stimuli but also efficiently deliver various drugs and therapeutic genes. Even though a large number of polymer-coated noble metal nanoparticles have been fabricated over the past decade, most of these materials still present some challenges emanating from their synthesis. The metal nanoparticles when encapsulated in a polymer and taken up by human cells might show a lower degree of toxicity; however, the degree of toxicity for some of the starting materials and precursors has raised serious concerns. Hence, there is a need to implement the principle of green chemistry in the synthesis of nanomaterials. The use of environmentally benign materials for the synthesis of metal nanoparticles provides numerous benefits ranging from biocompatibility, availability, cost-effectiveness, amenable scale-up to eco-friendliness. The biopolymer-based nanovehicles have been found to be more suitable in the field of nanotechnology owing to their high reproducibility, ease of manufacture, functional modification and safety (they are not carcinogenic). Unlike synthetic polymers where the raw material can be derived from petrochemicals or chemical industrial processes, biopolymers are produced from renewable resources such as plant and/or living organism. They are degradable by natural processes down to elemental entities that can be resorbed in the environment. Furthermore, they can also be modified to serve a particular purpose which explains the myriad of their potential applications. The macromolecular chain of these biopolymers possesses a large number of hydroxyl groups which can easily complex with metal ions. Additionally, these biopolymers also contain supramolecular structures that can lead to new functionalities of their composites with metal and semiconductor nanoparticles. In this chapter, a comprehensive discussion on different biopolymers, green synthesis of noble metal nanostructures, mechanisms, characterization and application in various fields is presented.
Introduction
In our modern day, nanotechnology has continued to play a vital role in a plethora of biomedical and biotechnological applications especially in sensing, imaging and treatment of various diseases. A variety of noble metal nanostructures encapsulated or coated with biopolymers have been studied by researchers in the field of nanobiomedicine. This is due to the interesting properties and wide-spectrum application of biopolymer-based nanomaterials. These materials have been shown to combine both the intrinsic features of noble metal nanostructures and the biological features presented by renewable source polymers [1] [2] [3] . They have been found not only to exhibit excellent imaging properties but also to efficiently deliver various drugs and therapeutic genes [4] [5] [6] [7] . Noble metal nanostructures used in therapy and diagnosis must be non-toxic, stable in biological media and should be specific for the target [8, 9] . However, the requirement of these three factors has hindered the use of many noble metal nanostructures in a variety of biomedical applications. Hence, there is a need for the conjugation of these materials with functional biological molecules to necessitate and improve their efficacy for biomedical functionalities. Bionanocomposites exhibit better biomedical values than their naked nanoparticle counterparts. They demonstrate colloidal stability, maintain plasmonic properties and show little or no effect on cell viability in the biological cell system [10, 11] .
Generally, the synthesis of most noble metal nanostructures requires a high concentration of surfactant, which directs the asymmetric geometry. However, studies have shown that surfactants tend to degrade biological membranes, thus raising significant concern about the cytotoxicity of these materials [12, 13] . The cytotoxicity of these surfactant-bound nanostructures can be reduced by minimizing the surfactant concentration below the critical micellar concentration. This reduction is effected at the expense of the stability of the nanomaterials solution, and as a result, their unique optical properties in biological environments are compromised.
There have been calls for the development of nanomaterials based on the principles of green chemistry and, consequently, a myriad of studies have emerged. Some of the proposed solutions are based on the substitution of toxic reagents with more eco-friendly materials. As a result, a lot of research has been done on developing more environmentally benign synthetic methods for noble metal nanomaterials owing to their wide area of applications. In addition, there have been calls for the development of sustainable process and practices in order to define products as green based.
Raveendran and co-workers [14] report three main steps to be considered in the green synthesis of metallic nanoparticles. These are (i) the choice of solvent medium used for the synthesis, (ii) use of environmentally benign reducing agent and (iii) the choice of non-toxic material as stabilizing agent. The use of environmentally benign materials for the synthesis of metal nanoparticles provides numerous benefits ranging from biocompatibility, renewable feedstocks, cost-effectiveness, waste prevention, amenable scale-up, synthetic steps reduction, use of safer solvents and increase of energy efficiency to eco-friendliness [15] [16] [17] .
Significance and limitations of nanomaterials
Nanomaterials possess phenomenal ability to create better materials as they are currently being used in numerous products and industrial applications ( Figure 1 ). Most of these materials present evolutionary development of existing technologies. The use of biomaterials such as ascorbic acid, glutathione, sugars, glycerol, orange peel, plant extracts and yeast, as alternative raw materials for synthesizing nanomaterials presents an even more fascinating approach, thus impacting their significance [18, 19] . In the area of nanomaterial research, noble metal nanostructures have received tremendous attention due to their wide range of applications in electronics, sensing, catalysis, photonics, environmental clean-up, imaging, water purification, cancer therapy, labelling and drug delivery [20] [21] [22] [23] . Most notable among the breakthrough applications of biopolymer-based noble metal nanostructures include: the use of biopolymerbased biodegradable food-packaging materials in the place of non-biodegradable plastics [24] , nanocrystal metal-chitosan granular composite material for water purification [25] , selective tumour ablation using polymer-coated gold nanorods and metal nanostructure for sensing applications [26] [27] [28] .
Nevertheless, with noble metal nanostructures having such a phenomenal advantage, there also exist limitations to their application. There have been increasing concerns relating to their toxicity arising from their bioaccumulation in human body. It has been reported that they preferentially accumulate in the liver and spleen [29, 30] . As a result, they cause many dysfunctions to these organs causing disruption to their body activities. The nanoparticles size, shape and surface functional groups play a vital role in their toxicity effect. There exist a challenge of conjugating nanoparticles to the surface of metal nanoparticles with negligible or no toxicity effect. As the nanoparticles become conjugated, the surface chemistry, size and shape tend to change, thus influencing their cell and protein interface interactions. This inevitably leads to unspecific and non-selective activities in the body [31] .
Noble metal nanoparticles
Nanoparticles of gold, silver and platinum are classified as noble metal nanostructures. They are nanosized metals with at least one dimension within the nanometre size range of 1-100 nm. Unlike bulk metals, which are typically ductile and possess high thermal and electrical conductivity, metal nanoparticles completely differ in such physical properties. The properties exhibited by metal nanoparticles are completely different from those exhibited by their corresponding bulk metals due to the absence of electron delocalization [32] . Noble metal nanoparticles have very large surface-area-to-volume ratio when compared to their bulk counterparts, thus making them attractive for a wide array of many applications. Their enhanced properties can be tailored by controlling their shape, size and composition [33, 34] . A new generation of hybrid nanostructured materials presents an emerging field in nanotechnology. Nanobiocomposite over the past few years has become a term used to designate composites, which contain naturally occurring polymers (biopolymers) and an inorganic structure. The development of nanocomposites comprising a biopolymer matrix with noble metal nanostructures has been extensively studied and considerable efforts are now being directed at biopolymer-based nanocomposites with improved properties [25, 26] .
Synthesis and characterization of noble metal nanoparticles
Nanoparticle synthesis over the past decades has received enormous attention due to their extensive applications. Today, researchers have been able to controllably synthesize noble metal nanoparticles of various shapes and dimensions. These include zero-dimensional, onedimensional, two-dimensional and three-dimensional nanostructures in a remarkable fashion [35] [36] [37] [38] [39] [40] . Noble metal nanoparticles have been synthesized using various methods. Some of these methods include the electrochemical method [41] , photochemical method [42] , chemical reduction method [33] , sonochemical method [43] and the biosynthesis method [44] . A universal reflection on the environmental risks or hazards and sustainability arising from most of these methods other than biosynthetic routes prompted the need for greener approaches in the manufacture of these materials. As a result, considerable attention has been focused on the biosynthesis as the method of choice for the synthesis of these nanoparticles. Metal nanoparticles have been embedded in a host biopolymer matrix in a variety of ways, which include in situ chemical synthesis, plasma polymerization combined with metal evaporation, ion implantation and vacuum deposition on viscous flow polymer.
Synthesis using non-polysaccharide reductants
Interesting biopolymers have been used to synthesize gold, silver and platinum nanoparticles via direct in situ reduction [45] . This method enables rapid nucleation and growth of noble metal nanoparticles embedded in a biopolymer matrix using non-polysaccharide reductants. The result is either nanoparticle composites or more complex nanostructures, depending on the reaction conditions used. The non-polysaccharide reductant can be either strong like sodium borohydride or mild like sodium citrate and tetrakis(hydroxymethyl)phosphonium chloride (THPC).
Sodium citrate
The use of sodium citrate in the synthesis of gold and silver nanoparticles is perhaps the first method to be developed [46] and it is still relevant today. It is a simple process for reducing metal salts to nanoparticles with modest monodispersed spherical shape. The particle diameters are usually within the range of 10-20 nm. Colloidal gold and silver nanoparticles are produced by this technique because the citrate ions act as both capping and reducing agents. Following this trend, spherical silver nanoparticles with monodispersed and controlled sizes have also been effectively synthesized. In addition, monodispersed gold nanoparticles with controlled size have also been reported. This is achieved by altering the concentration of gold chloride ions with respect to the citrate [47] . Furthermore, Bastus and co-workers [48] report the enhanced citrate-reducing ability in combination with tannic acid. The tannic acid is instrumental to the formation of the seeds and subsequent high yield of the final spherical particles.
Sodium Borohydride (NaBH 4 )
The most common chemical reduction method for preparing noble metal nanoparticles involves the reduction of their metal salts or precursor (from M +n to M 0 ) using sodium borohydride as the reducing agent. Sodium borohydride is a strong reducing agent in organic and inorganic chemistry, and it is used to reduce most transition metal ions to zero-oxidation metal nanoparticle state M(0) in the presence of a colloidal stabilizer [49] . The stabilizing agent prevents the aggregation of the nanoparticles after formation. NaBH 4 reduces metal precursors by hydride transfer. However, single-electron transfer is also a possibility, given the electronrich nature of borohydride anion. Sodium borohydride can also act as bi-or tridentate ligands [50] . It has also been demonstrated that NaBH 4 has the ability to control the size and morphology of nanoparticles to a large extent using appropriate synthetic techniques. As a result, nanoparticles with very large surface area relative to volume have become feasible. This is particularly important because the surface plasmon resonance (SPR) band of nanoparticles is a function of morphology [51, 52] . The concentration of NaBH 4 has been found to affect the size, shape, dispersity and even hydrodynamic diameter of the metal nanoparticles. As the concentration of borohydride increases, the aspect ratio (length divided by width) of the nanorods formed decreases. Moreover, at a certain higher concentration, shape deformation occurs. Also, ageing the sodium borohydride solution prior to use has been found to influence the shape formation of the nanorods [53] . Monodispersed Ag-NPs have also been synthesized using borohydride reduction of silver salt. The borohydride anions are adsorbed onto silver nanoparticles and aggregation is prevented by polyvinyl pyrrolidone (PVP) addition. A large excess of the reductant is also needed to stabilize the nanoparticle product [49] since they are adsorbed onto silver nanoparticles after they are formed.
Tetrakis (Hydroxymethyl) Phosphonium Chloride (THPC)
THPC is an exceptionally strong reducing agent capable of synthesizing smaller gold or silver nanoparticles usually used as seeds for the formation of nanoshells [54] and gold nanoclusters employed for fluorescence imaging [55, 56] . Typically, it serves as a good reducing agent in alkaline solution. However, to achieve good nanoparticle stability, a stabilizer is often added alongside with THPC during synthesis. Nonetheless, Hueso and co-workers have reported the use of THPC as both reducing agent and stabilizing ligand in the synthesis of ultra-small noble metal nanoparticles. This is achieved in a single-step room-temperature method with a wide variety of monometallic and bi/tri nano alloys as products [57] 
Synthesis using polysaccharide reductants
Polysaccharides are long polymers of monosaccharide sugars and their derivatives. Unlike proteins or nucleic acids, these polymers can either be straight chained or branched. They can be of one type of monosaccharide (homopolysaccharides), or more than one (heteropolysaccharides) in repeating units. Polysaccharides can also be divided into groups according to their two major functions: contribution to structural components of cells and energy storage. Cellulose is a structural polysaccharide while starch is mainly an energy storage polysaccharide. Starch is the main energy storage in plants while glycogen is the main energy storage in animals. Both starch and cellulose are polymers of glucose but they differ based on the configuration of C-O bonding [58] . They are generally insoluble in cold water, although at around 100 o C, starch is water-soluble while cellulose needs a temperature higher than 300 o C to be water-soluble [59] . Upon hydrolysis with acids or enzymes, they eventually yield their constituent monosaccharide sugars. Polysaccharides have the ability to coordinate metal ions and thus act as stabilizing agents. Furthermore, they have been known to exhibit reducing properties in the synthesis of metal nanostructures. This dual role has enabled the production of metal nanoparticles with improved properties and functionalities such as different shapes and sizes, hydrophilicity, biocompatibility, specificity and non-toxicity. Due to their non-toxic nature, polysaccharides are recognized as green reducing agents for nanostructure synthesis. Their structural hydroxyl groups provide them with strong reducing ability and solubility in water. Other natural polysaccharides such as chitosan have also gained attention in the preparation of nanoparticles [60] . Under this section, we will review the use of starch, cellulose and dextran for the synthesis of noble metal nanoparticles.
Starch
Chemically, starch consists of long chains of D-glucose (a monosaccharide) units joined by 1,4glycosidic bonds. They are formed in plants during photosynthesis. They are present in many plant-based food sources such as root vegetables, for example, potatoes and cereals. The ecofriendly biosynthesis of metal nanoparticles using starch has been well reported. Most of them have been performed through reduction processes. It is a simple method which yields high amount of nanoparticles and to some extent allows for control of particle size. El-Rafie and coworkers [61] report the use of alkali-treated maize starch as both reducing agent and stabilizer for the production of silver nanoparticles. In their report, a redox reaction occurs between AgNO 3 and alkali-treated starch to obtain the nanoparticles. The nanosilver obtained is spherical in shape with particle size ranging between 4 and 6 nm. Valencia and co-workers [62] also report the use of starch as reducing agent at 90 o C in the presence of NaOH. Sphericalshaped Ag-NPs with particle diameter between 10 and 30 nm were produced. Furthermore, the role of pH in the green-mediated synthesis of starch-capped Ag-NPs has been investigated. Ag-NPs are synthesized using two green materials: glucose as the reducing agent and starch as the stabilizing agent. The presence of an accelerator (NaOH) is found to affect the size, size distribution and the pH of the solution of the as-synthesized Ag-NPs. At mildly acidic conditions, occurrence of starch hydrolysis affects the particle size. The insufficient protection of the particle surface led to the formation of larger particles but with defined sizes. However, less starch hydrolysis results in nanoparticle aggregation leading to a blue shift and splitting of the spectra [63] . Spherical nanoparticles and nanowires of gold and silver with various sizes and shapes have also been prepared using a monosaccharide (D-glucose) and a polysaccharide (soluble starch) [64] .
Gold nanoparticles coated with different sugars are successfully synthesized using a non-toxic, water-soluble phosphine amino acid (THPAL) as a reducing agent. The sugars used are glucose (monosaccharide); sucrose, maltose or lactose (disaccharides); raffinose (trisaccharide) and starch (polysaccharide) [65] . The capping ligand plays a vital role in transforming the shapes of the nanoparticles formed. Platinum nanoparticles (Pt-NPs) with uniform particle size (2-4 nm) have also been synthesized using soluble starch. The soluble starch performs a dual role as both reducing and stabilizing agents. Under alkaline treatment, the degraded intermediate species with reducing potentials (i.e., small molecules of aldehydes and hydroxyl ketones) generated in situ, completely reduces the platinum ions. The hydroxyl group in the starch structure complexes with the platinum ions and prevents aggregation or precipitation, thus sufficiently stabilizing the platinum nanoparticles formed [66] . Furthermore, the use of glucose as a reducing agent and starch as stabilizing agent to protect Pt-NPs core in buffer solution have also been reported [67] .
Cellulose
Cellulose chemically consists of long chains of six-membered ring glucose (a monosaccharide) molecules. The repeating units comprise two anhydroglucose rings (C 6 H 10 O 5 ) n, where n = 10,000-15,000. They comprise the fibre and are indigestible by humans but digestible by some other animals [68] [69] [70] . Celluloses are ideal materials upon which new biopolymer composites have thrived. For instance, carboxymethyl cellulose (CMC) obtained from cotton have been used in the synthesis of Ag-NPs at different conditions. The degree of polymerization of CMC is shown to have significant impact on the reduction capacity, particle size and stability of the silver nanoparticles formed [71] . Also, synthesis of Ag-NPs has been carried out with cellulose playing a dual role of both reducing and capping agent in aqueous medium. The cellulose is extracted from an environmentally problematic aquatic weed, water hyacinth. Particle shape and size evolutions of the silver nanoparticles are achieved by varying the pH of the solution and reaction time [72] . Metal nanoparticles of gold, silver and platinum have also been prepared using cellulose gel. Filter paper pulp is used to generate the cellulose solution which was allowed to coagulate to form a gel. The nanoparticles of gold, silver and platinum formed are well dispersed and stabilized by the cellulose network. The nanoporous structure of the cellulose hydrogels also prevents aggregation of the nanoparticles formed [73] . Some bacteria are also capable of producing cellulose via digestion. Cellulose of this nature is different from cellulose obtained from trees and cotton because it is free from lignin and hemicellulose. Colloidal silver nanoparticles could be prepared using cellulose of bacterial origin. Bacterial cellulose (BC) is immersed in the silver nitrate solution and reduced by different reducing agents (ascorbic acid, hydrazine and hydroxylamine) under the influence of gelatine and polyvinyl pyrrolidone (PVP), as colloidal stabilizers. The particle size and size distribution of the BC-Ag 0 composite depend on the reductant type and stabilizer used. Best results are obtained for ascorbic acid-reduced/gelatine-protected Ag composite [74] .
Dextran
Dextran are water-soluble branched polysaccharides of glucose (dextrose) produced by lactic acid bacterial action on sucrose. The linear chains are linked by α-1,6 glycosidic bond between glucose molecules while the branches begin from α-1,3 linkages. In this method, metal nanostructures are prepared using an environmentally benign solvent and dextran as capping agent, or in some cases dextran serves as both reducing and capping agents. Wang and coworkers [75] report the synthesis of well-dispersed, uniform and biocompatible gold nanoparticles at room temperature using dextran as both reducing and stabilizing agent. The assynthesized dextran-coated Au-NPs are stable in high ionic strength medium, thereby making them important materials for fabricating novel nanostructures.
Environmentally friendly copolymers of dextran have also been used to synthesize goldcopolymer and silver-copolymer nanoparticles. The simple green synthetic method makes use of graft copolymers, dextran-graft-poly(ε-caprolactone) and dextran-graft-poly(δvalerolactone) as reductants and stabilizers in the synthesis of the noble metal nanoparticles. The amphiphilic nature of the copolymer is crucial during the process, as this allows interaction of the copolymer with the metal surface and the aqueous medium. The OH end groups of the grafted blocks of copolymers are responsible for the reduction of gold and silver ions [76, 77] .
Characterization of polysaccharide-stabilized gold and silver nanoparticles

UV-Visible spectrophotometry
UV-Visible spectrophotometry is an essential powerful tool for characterizing the optical properties of various materials at molecular and atomic levels. Typically, gold and silver nanoparticles exhibit a UV-Visible characteristic absorption band peak around 520 and 400 nm, respectively, due to their SPR properties [78] [79] [80] [81] . The SPR is due to the collective oscillation of light-excited free-moving conduction band electrons present at the surface of the noble metals. Stabilizing these metals with polysaccharides usually causes a change in the electron density of the metals and thus a shift in the positioning of their SPR peaks. However, the direction and the actual positioning of SPR peak depend on the type of nanoparticle [79, 80] , particle size and structure of polysaccharide involved [82] [83] [84] .
Fourier Transform Infrared Spectroscopy (FTIR)
FTIR is used to identify the functional groups present in the polysaccharide used to stabilize metal nanoparticles [80] . In conjunction with UV-Visible, dynamic light scattering and Zeta potential data, FTIR can be used to evaluate the extent of polysaccharide stabilization of metal nanoparticles (NPs). Stereotypically, polysaccharide-stabilized gold or silver NPs usually show absorption wavenumber bands for O-H (3500-3200 cm -1 : alcohols; 3300-2500 cm -1 : acids), C-H (3000-2850 cm -1 : saturated alkanes) and C-O (1320-1000 cm -1 : alcohols and ethers) groups associated with general carbohydrate structure [79, 80, 83, 85] . To ascertain the effectiveness of stabilization of nanoparticles by the polysaccharide, shifts in the affected groups are usually observed. The hydroxyl, hemiacetal and aldehyde groups play significant roles in the synthesis and stabilization of polysaccharide-capped silver [85, 86] and gold nanoparticles [79, 83] .
Zeta potential
The zeta potential measures the overall charge on polymer-stabilized noble metal nanoparticle system [87] as either negative or positive in millivolts. As mentioned earlier, it may be used in conjunction with FTIR to assess the extent of nanoparticle stabilization by polysaccharides. When stabilized with carboxylic acid-terminated polysaccharides, gold and silver NPs are usually surrounded by negative charges. The negatively charged polysaccharide molecules interact with one another via electrostatic repulsion and thus help to prevent agglomeration. Similarly, positively charged polysaccharide-stabilized gold and silver nanoparticles are stabilized via electrostatic repulsion of the polysaccharide's molecules. The higher the magnitude of the zeta potentials, the greater is the extent of charge-to-charge electrostatic repulsion and thus the greater is the stability of nanoparticles [82] and vice versa. The negatively or positively charged polysaccharide-stabilized silver nanoparticles are important for efficient antimicrobial efficacy of silver nanoparticles against gram-positive and gramnegative microbes, respectively [82] .
Dynamic Light Scattering (DLS)
The dynamic light scattering, also known as the photon correlation spectroscopy, uses light scattered by moving particles in a dispersible solution system to determine the hydrodynamic size distribution of various particles present in the solution. DLS particle-size estimation is based on measurement of the intensities of scattered lights by various particles present in the solution, provided the particles' movement is Brownian in nature. Therefore, it is used to evaluate the homogeneity of a solution and thus the aggregation of nanoparticle in the solution. For a reliable DLS measurement, a polydispersity index of between 0.05 and 0.7 may be preferable. Also, the refractive indices (n) and absorption values (k) of both the material and solvent must be accurately known for a reliable conversion of intensity data to volume or number size distribution. By default, particle sizes are obtained from the extrapolation from the intensity's data. However, data can be converted to obtain particle sizes relative to volume (size based on concentration of particles) or number of primary particles (size based on percentage number of primary particles) using Mie formula. The most important use of DLS's characterization of polysaccharide-stabilized gold and silver nanoparticles is to evaluate the extent of size characteristics after stabilization. For example, it has been reported that particle size decreases with increasing concentration of polysaccharide [80, 83] up to a certain extent and then increases at higher concentration due to aggregation [80] . Thus, DLS can be used to obtain the optimal concentration of the stabilizing agent that favours non-aggregation of particles in a given solution [83] . DLS can also be used to evaluate the effect of the swelling of polymers on the size of nanoparticles when the temperature of the medium is increased.
Transmission Electron Microscopy (TEM)
TEM is a two-dimensional technique used to probe the shape and morphology of a nanoparticle system [83, 88] . The shapes of nanoparticles affect the optical, chemical and biological properties of metal nanoparticles. For example, silver nanoparticles have been shown to evolve different shapes as temperature increases when synthesized and stabilized by methyl cellulose [89] . This change in shape morphology of stabilized silver nanoparticles was observed using the TEM technique ( Figure 2 ). Furthermore, TEM can be used to estimate the particle-size distribution of nanoparticle systems [86] . The particle-size data obtained from TEM are usually compared to the information obtained from other particle-size measurements such as DLS and X-ray diffractometry for analytical reliability and accuracy. Furthermore, TEM can be used in conjunction with FTIR, UV-Vis and other probing techniques to elucidate the mechanism of evolution of nanoparticles during the course of the synthesis (Figure 3 ).
Scanning Electron Microscopy (SEM), Inductively coupled Plasma Spectroscopy (ICP-MS) and powder X-Ray Diffractometry (XRD)
SEM is similar to TEM but differs in its magnifications and image outputs. SEM is a threedimensional imaging probe, which can be used to visualize the three-dimensional images of stabilized nanoparticles [80, 90, 91] (Figure 2 ). ICP-MS is mainly used to determine the concentration of metals in a material. Thus, it can be used to estimate the concentration of gold and silver nanoparticles [92] within the surrounding structure of polysaccharide stabilization. The amount of nanoparticles present within a stabilizing matrix is essential for such sensitive applications such as environmental sensing, industrial catalysis and biomedical diagnostics and therapies. The powder XRD technique is used to probe the extent of the crystallinity of both unstabilized and stabilized nanoparticles. Particles size can also be estimated using XRD technique. Usually, a face-centred cubic structure is observed for polysaccharide-stabilized gold [79, 83, 93] and silver nanoparticles [82, 90] . [90] ; D: UV-Vis for starch-capped silver nanoparticles [90] ; E: FTIR of starch-capped silver nanoparticles [90] ; F: XRD for pullulan/ oxidized pullulan-stabilized silver nanoparticles [82] ; Some gold nanostructures (Top): nanoshells (G) [115] , nanorods (H) [114] nanocages (I) [91] and their corresponding SPR characteristics (J-L) (Below). 
Biomedical applications of polysaccharide-stabilized gold and silver nanoparticles 3.1. Gold nanoparticles
Gold nanoparticles are essential nanomaterials for many biomedical applications such as targeted biological sensing [94] , site-specific drug delivery, diagnostic imaging [84, 95, 96] and photothermal therapy [95, 97] . They are essentially utilized for these applications due to their unique SPR property, inertness [84, 96] , non-toxicity, enhanced permeability retention effect, conjugatable surfaces for the attachment of targeting [98] and therapeutic agents [99] , nearinfrared light absorption [97] , high light absorption [95] and scattering properties and generation of therapeutic heat after light irradiation [95] . Recent advances in the use of gold nanoparticles have focused on the use of polysaccharide-stabilized gold nanoparticles. One of the reasons for this is the better efficiency of polysaccharides in synthesizing and stabilizing gold nanoparticles compared to other stabilizing agents such as oligosaccharides or monosaccharides [100] . Other reasons are their low toxicity, easily conjugatable functional groups [101] and good biocompatibility [102, 103] . Some of the recent biomedical applications of gold nanoparticles are provided in the next section.
Targeted plasmonic biosensing detection
Various structures of gold nanoparticles such as the nanospheres, nanorods and nanocages have been shown to exhibit different SPR characteristics [78, 103] , which can be used to detect biomarkers [104] and pathogens in body fluid samples. In targeted plasmonic-assisted biosensing, stabilized gold nanoparticles are conjugated to some specific biomolecule targeting agents such as carbohydrates [102, 105] peptides [106] , antibodies and oligonucleotides [102] which react specifically with some disease biomarkers or microbes. This interaction often leads to the aggregation of gold nanoparticles [104] which causes shifting of the surface plasmon resonance peak. This shift effect can be detected by visual colour change, spectrophotometric measurement or dynamic light scattering techniques. Targeted plasmonic biosensing could be successfully employed for the rapid improvement of various diagnostic techniques such as homophase immunoassay, DNA assay and enzymatic assay [104] .
Targeted bioimaging enhancement
Gold nanoparticles are plasmonic entities which absorb and scatter light from the visible to near-infrared optical region where tissues are relatively transparent to light [106, 107] . These properties enable them to be used as contrasting agents in many biomedical imaging applications such as magnetic resonance imaging and computed tomography [108] . When excited with near-infrared light, gold nanoparticles absorb and scatter light more than the surrounding tissues leading to a better detection of their sites of localization. In targeted magnetic resonance imaging (MRI) technique, stabilized gold NPs are conjugated to an active targeting material such as a specific site-targeting carbohydrate [105] , peptides [106, 109, 110] , aptamers [108] or external magnetic field-driven iron oxide nanoparticles (IONPs) [111] in order to achieve active site-targeting, detection and better imaging. Superparamagnetic iron oxide nanoparticles (SPIONs) are excellent MRI contrast agents [112, 113] . Thus, utilizing stabilized gold-SPION hybrids, such as SPION-gold core-shell, promotes greater improvement of the MRI technique. Furthermore, gold NPs may be coupled with conventional imaging dyes or contrasting agents to improve their imaging efficacies.
Targeted fluorescence detection
In targeted fluorescence detection, stabilized gold nanoparticles are either bonded directly [98] or conjugated to a fluorescence molecule [95] bonded to an active site-targeting biomolecule [110] . The technique makes use of (i) the synergetic properties of the selective localization of the gold nanoparticles in disease tissues, (ii) interaction of the active targeting biomolecules with their corresponding disease tissue receptors and (iii) emitted fluorescence light from the gold nanoparticles [98] or conjugated fluorophore to improve detection of disease tissues [110] . For diagnosis purposes, the active site targeting gold nanoparticle solution may be injected via intravenous means and the body exposed to the fluorescence spectroscopy imaging technique. The diseased tissues containing the gold nanoparticle fluorophore conjugates will emit light of specific wavelength while the healthy tissue remains non-fluorescent [95, 110] .
Targeted Photothermal Therapy (PTT)
Targeted PTT involves the use of active site targeting stabilized gold nanoparticles (Au-NPs) for specific tumour cell destructions. The Au-NPs generate therapeutic heat after irradiation with light of appropriate wavelength and dose. The site targeting agent interacts with the tumour cell surfaces in order to pave way for the nanoparticles to gain entrance into the cell where the therapeutic function will take place. Especially suitable for this purpose are the gold nanorods [78, 114] and nanoshells [78, 115] whose aspect ratio and the ratio of the shell to core diameter can be tuned to absorb light in the near-infrared regions where biological tissues are transparent to light. Gold nanorods have been extensively applied for the eradication of cancer cells via PTT [102] . Other gold nanoparticle structures that can be used for PTT are gold nanocages [78, 91] . However, all gold nanostructures exhibit different PTT efficacies due to their different structures and surface plasmon resonance properties.
Silver nanoparticles
Diagnostic enhancement
Stabilized silver nanoparticles (Ag-NPs), being a plasmonic entity also exhibit biological imaging characteristic [96, 116] and plasmonic and fluorescence detection of biomolecules [116, 117, 118] and toxic heavy metals [119, 120] . Like gold nanoparticles, it could be used to improve image contrast of disease tissues when functionalized or employed as nanocarriers of specific site-targeting agents such as peptides, antibodies and carbohydrates which show some specific affinity towards certain molecules present in disease tissues. As nanocarriers of these biomolecules, silver nanoparticles may cause enhanced biological image contrast via their light absorption and scattering properties. However, the choice of silver nanoparticles for fluorescence imaging function may be more for silver nanoclusters (Ag-NCs) compared to other silver morphologies due to their small size-dependent fluorescence effect. It has been reported that as the size of silver nanoparticles approaches the dimension of the Fermi wavelength of an electron, they emit fluorescence light which can be tuned from the visible to near-infrared region after suitable light irradiations [116] . Moreover, Ag-NCs have also been found to be useful as an excellent nanobiosensor agent for the detection of biotoxins [118] and toxic inorganic heavy metals [120] . Nonetheless, like gold nanoparticles, the interaction of functionalized, stabilized silver nanoparticles with disease biomarkers such as proteins may cause aggregation and thus a shift in the position of their SPR band which may be used to detect these biomarkers.
Targeted antimicrobial activity
Silver nanoparticles are especially known for their antibacterial activities [90, [121] [122] [123] [124] [125] . However, in recent years, reports about the antiviral effects of silver nanoparticles are beginning to emerge [126] [127] [128] . In their study, Gusseme and co-workers [128] employed biogenic silver nanoparticles to remove murine norovirus 1 (MNV-1) from drinking water. The biogenic silver was mixed with a water filter to effect the viral removal. Also, the use of silver nanoparticles in preventing the binding of HIV-1 to human host cells via binding of nanoparticles to the virus' glycoproteins in vitro has been reported [129] . The sulphur group of the virus' gp120 glycoprotein has been suggested to be the binding target site [129, 130] . Furthermore, the applications of silver nanoparticles such as antifungal [131] and antiplasmodium agents [132] have also been reported.
Anti-angiogenesis activity
Silver nanoparticles could also function as anti-angiogenesis agents by preventing the formation of new blood vessels responsible for the development of many human diseases such as cancer, macular degeneration and inflammatory diseases [133] . In their study, Gurunathan and co-workers [133] suggested that silver nanoparticles readily interfere with the angiogenesis pathway by inhibiting the activation of p13k/akt.
Conclusion
Biopolymers have continued to revolutionize the advancements of green nanotechnology. Nanoscale derivatives of polymers like starch, cellulose and dextran can be synthesized on a large scale and can be used for the manufacture of bionanocomposites. They present promising alternatives to the environmental challenging non-biodegradable plastics via industrially viable process. Most of these biopolymers also offer a route for completely green synthesis of several noble metal nanoparticles performing the dual role of stabilizing and reducing agents in aqueous medium. Biopolymer-mediated synthesis offers numerous advantages which include efficient solubility in water, non-cytotoxicity and biocompatibility in biomedical applications. Polysaccharide-capped silver and gold nanoparticles are emerging as excellent nanomaterials in many fields, including biomedical and environmental. This is due to the result of the excellent functionalities inferred on them by the polysaccharide molecules. These properties include long-term stability and high solubility in aqueous solution, specific biomolecule targeting which induces specific therapeutic functions and toxicity reduction.
